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SWEPTBACK UNTAPERED SEMISPAN WING OF ASPECT

RATIO .1.59~UIPPED WITH VARIOUS

25-PERCENT-CHORD PLAIN FLAPS

By Harold S. Johnson and John R. Hagerman

SUMMARY

A wind-tunnel investigation was made at low speed to detemine the
aerodynamic characteristics of a hs” sweptback untapered semispan wing
of NACA 64.Ao1oairfoil section normal to the leading edge and aspect
ratio of 1.59 equipped with 2~-percent-chordplain unsealed flaps having
various spans and spanwise locations. Ltit, drag, pitching-moment, and
flap hinge-moment data were obtained for the wing with the various flaps -
deflectedup to 600. A comparison is ~de with data obtained on the
present wing at 0° of sweep with an aspect ratio of 3.13.

In general, changes in angle of attack, flap deflection, flap span,
and spanwise location produced trends in lift, drag; pitching moment,
and flap hinge moment that were similar to but of different magnitudes
from those for unswept wings. Existing empirical and theoretical methods
for predicting the lift effectiveness of flaps of various spans gave very
good agreement with the experim@al results.

Because of the increase in the drag coefficients and the associated
decrease in the lift-drag ratio with increasing flap deflection, an
advantage may be gsined by limiting the flaD deflection to moderate angles.
(about ~00),-even-
further increases
may be desirable,

though the lift coefficients increase slightly with
in flap deflection. Flap deflections greater than 30°
however, when steeper glide-path angles are required.

INTRODUCTION

The Natio~ Advisoq Committee for Aeronautics is making an extensive
investigation of the ltit and control effectiveness of various flaps and
control surfaces on wings having plan forms suitable for transonic and ‘
supersonic airplanes. The objective is to obtain flap and ailero~ design
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2 NACA TN 2169

criterions similar to those available for unswept winEs of lsrger as~ect
ratios (references1 to 6). As-part of this br~ad st&ly, the iift &d
latersl control characteristics of an untapered low-aspect-ratio semi-
span wing having various amounts of sweep snd equipped with 2%percent-
chord plain unsealed flaps or ailerons of various spans and spanwise
locations are being investigated at low speed in the Langley 300MPH
7- by lo-foot tunnel.

This paper presents the results of the investigation of the .4S”
sweptback-wing configuration having an aspect ratio of 1.59 and utilizing
the 2$percent-chord control surfaces as lift flaps. The results of a
shilar investigation of the unswept-w5mg configuration of aspect ratio

v 3.13 were presentedin
flap hing+mment

s range for various
data
flap

reference 7; Lift, drag, pitching-mom&t, and
were obtained thro&h a–fige
deflections up to 600.

SYMBOLS

.

The forces and moments measured on the wing sre

angle-of-at~ack ‘

presented about the
wind axes which, for the conditions of these tests (zero yaw), correspond
to the stabili& axes. The pitching-moment data are measured about the ‘
origin of axes as shown in figure 1 which corresponds to the 2$percent-
chord station of the mean aerodynamic chord. The lift, drag, and
pitching-moment data presented herein represent the aerodpamic effects “
of deflection of the flaps in the same direction on both semispans of
the complete wing.

CL

ACL

CD

cm

ACm

Ch

L

D

M

lift coefficient (L/qS)

increment of lift coefficient

drag coefficient (D/qS)

pitching-moment coefficient (M/qS6)

increment of pitching-moment coefficient

flap hinge-moment coefficient (H/2q~)

twice lift of semispan model, pounds

.
twice drag of semispan model, pounds

.

twice pitching moment of sexmlspsnmodel measured about 0.2SE,
foot-pounds

#

,,

,.

.. ..
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H

Ml

q

s

b

E

c

Y

bf

v

“P

a

%“

‘6

flap hinge moment, measured about flap hinge tis, foot-pounds

area moment of flap
(see table I)

free-stream dynamic

rearward of and about hinge

pressure, pounds per square

twice area of semispan wing

twice span of semispan wing

wing mean aerodynamic chord

local chord

lateral distance from plane

.

model (19.32 sq ft)

model (S.SS ft)

(3.52 ft)

3axis, feet

of symmetm, measured

()foot &

perpendicular
to plane of symmetq~ feet - ‘-

span of flap, measured perpendicular to plane of symmetry, feet

free-stream velocity, feet per second

mass density of

angle.of attack

flap deflection
perpendicular
edge is down),

air, slugs per cubic feet

of wing nmasured at plane of symmet~, degrees

relative to wing chord plane, measured
to flap hinge axis (positive when trailing
degrees

“flapeffectiveness parameter; that is, effective change in angle
of attack caused by unit angular change in flap deflection

Subscripts:

fi inboard end of flap

f. “ outboard end of flap

max maximum .

MODEL AND APPARATUS
r

The semispan-wing model used in the investigation was constructed,.
of laminated mahogany over a solid-steel spar. The plan-form dimensions
are shown in figure 1. Th~ wing sections normal to the leading edge were
NACA 64AO1O and the model had an aspect ratio of 1.s9 (based on ful.l-

. span dimensions), a taper ratio of 1.0, and 4s0 of sweepback. The wing

._. ._—___ . .. ..._ ----- — _ - —. . . . - -- _ —— .— --.—- .- . .



4 NACA TN 2169

,

model had neither twist nor dihedral. The model was the sams as that
used in the investigation reported in reference 7, modified m rotating ‘ ‘
the so-percent-chord line about the root station and rotating the wing-
tip chord about its So-percent-chord station so as to be parallel to the
air stream.

A cross section of the wing showing the details of the 2S-percent-
chord unsesled plain flaps is shown in figure 1. The flaps were
constructed of mahogany with steel spars and had joints at three span-
wise stations so that various spans of flaps at,various spanwise locations
could be investigated (fig. 1 and table I). The chordwise gaps between
flap segments were sealed when two or more flap segments were tested in
combination. A motor-driven flap-actuating mechanism which was remotely
controlled was used to obtain the various flap deflections used in the
tivestigation, and these deflections were co~tant~ ~~cated on a
meter by the use of a calibrated potentiometer which was mounted on the
hinge axis near the root chord of the model. The flap hinge moments
were measured by a calibrated electrical resistance type of strain gage.

The Lsngl~ 300 MPH 7- by lo-foot tunnel is a closed-throat single-
return tunnel. The semispan-wing model was mounted vertically in the
tunnel with the root chord adjacent to the ceiling of the tunnel, which
served as ~ reflected plane (fig. 2). The model was mounted on the six-
component balance system so that all forces and moments acting on-the
model could be measured. A small clearance was tiintained between the
mcdel and the tunnel ceilhg so that no part of the model came into .

contact with the tunnel structure. A ~-inch-thick metal end plate was
16

attached to the root of the model to deflect the air flowing into the
test section through the clearance hole in order to minimize the effect
of this spanwise air flow on the flow over the model.

TESTS

All the tests were performed at an average dypmic pressure of
approximately 100 pounds per square foot, which corres ends to a Mach
number of 0.27 and a H.eynoldsnumber of about 6.3 x 1J based on the .
wing mean aerodynamic chord of 3.s2 feet. Measurements have indicated
that the tunnel turbulence factor is very close to unity.

Tests of
spsn flaps at
span flaps at
of 30° for an
angle.

the wing were made with the inboard half-span and the full-
seven deflections between 0° and 60° and with the partial-
the outboard and midspan locations at a flap deflection
angle-of-attack range of from -4° to about the wing stall .

— .. . -- —... ..—.— - .— ..- .— — ——- — — - ——
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CORRECTIONS

,

.

Jet-bound&y corrections, determined by the method presented in
reference 8, have been applied to the angle-of-attack and drag-coefficient
values. Blockage corrections, to account for the constriction effects of
the model and its wake, have slso been applied to the test data (refe~
ence 9). No corrections have been applied to the data to account for the
very small amount of tig twist produced by flap deflection or for the
effect of air-flow leak~e sround the end plate-

REStiTS AND DISCUSSION

at the root of the model.

The static aerodynamic characteristics of the wing in pitch for the

( )
various deflections of the inboard half-span bf = 0.477~ and the full-

(
Spi311 bf

)
= 0.8?~ flaps are presented in figures 3 and 4, respectively.

.

( )
Corresponding data for thq wing equipped with outboard flaps yfo = 0.9s~

having various spans and for the whg equipped with appro_tely half-
spsn flaps at three spanwise locations are presented in figures s and 6,
respectively, for a flap deflection of 30°. The incremental.values of
lift and pitching-moment coefficients resulting from flap deflection of
the tiboard half-span and the full-span flaps are shown in figures 7
and 8, respectively. The effects of flap span (expressed as percent of
full-span flap area) snd spanwise location on the incremental lift coef-
ficient caused~ 30° of flap deflection at 0° angle of attack are pre-
sented in figure 9. The variation of the pitching-moment coefficients
with flap span and spanwise location for the wing with the flaps
deflected 300 at three vd”ues of a is presented in figure 10.

Lift characteristics.-For the angle-of-attackrange covered in the

investigation, increasing either the flap span or the flap deflection up
to about 400 resulted in an increase in the lift coefficient (figs. 3
to 6). IYomthe variation of the increment of lift coefficient produced
by flap deflection at

%aX
with flap deflection (fig. 7), deflections

greater than about 40° result in losses in AC% and O@ slight gains

are shown for deflections greater than 30°0 The variations of ACL

and AC* with flap deflection (fig. 7) are similar to, but of con-

siderably smaller magnitude, than those exhibited by the wing.at 0° of
sweepback and aspect ratio of 3.13 as reported in reference 7 %nd show
the expected effects of increasing the sweep and decreasing the aspect .
ratio. The experimental values of A% for a flap deflection of 30°

.
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6 NACA TN 2169

at a= 0° are compared with the empirically and theoretic~y deter- “ ,, .
mined lift effectiveness in figure 9; this comparison shows that the
decreases in ACL are of the right magnitude. Method I of reference 10

was used for the wing equipped with outboard”flaps and an application of
the Weissinger ~thod was used for the wing equipped with inboard flaps.
The value of the flap effectiveness parameter ab used in these esti-

mations was 0.% and was obtained from section data of an unsealed flap
type of control on snNACA64AO10 section (reference 11), corrected for
flap chordby the method of reference 10. In presenting the data the
parameter flap area was used instead of f@p span since theory assumes
that flaps are cut parallel to free stream. For flaps cut normal to the
hinge sxi.s,the-span of the flap at the hinge axis does not give a true
representation of flap size and it appears *t the ratio of flap area
to the area of the full-span flap should be used in sll cases. The
agreement of the estimated and theoretical vslues of A% with the

experimental data for a flap deflection of 30° at 0° angle of attack is
very good and indicates that low-aspect-ratio swept wings have variations

.

of effectiveness-withflap span similar to wings of less sweep snd/or
higher.aspect ratio. *

.

Drag characteristics.- Analysis of the lift and drag data of fig-

ures 3 and 4 indicates that, for lift coefficients greater than abut 0~6
for the wing with the iriboard-spanflaps deflected and for I-if*coef- 1
ficients greater than about 0.8 for the wing with the full-span flaps
deflected, a flap deflection of 30° provides the optdnumvslue of lift-
cl?agratio L/D. Further .incrqasesin flap deflection generally result
m a decrease in the L/D vslues; therefore, because of the increase in
the drag coefficients with increasing flap deflections, an advantage msy
be gahedly limiting the flap deflectionto moderate angles (about 300),
even though the lift coefficients increase slightly with further increases
in flap deflection. Other advantages gained by limiting the flap deflec-
tion to moderate sngles sre the lower hinge moments and the smaller
longitudinal-trim changes resulting from flap deflection, especially for
the wing equippedwitl.the fdl-spsn flaps. When high drag coefficients
sre desirable to increase the glide-path angle, flap deflections of
greater than 300 ~be used.

At the higher lid% coefficients, the drag coefficients generally
decreasedas the flap span was increased (figs. 3 to ~). The drag coef-

I

ficients also decreased as the”hslf-srmn fla~s were moved to a more inboard
location (fig. 6). These effects of “~le o~ attack, flap deflection,
flap span, and spsnwise flap location were
tidel at 0° of sweep (reference 7).

flap

Pitching-moment characteristics.-For

deflections, the vdng had an unstable

,.

generally-the same as for the

dll flap configurations and

variation of pitching-moment

.
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coefficientwith ltit coefficient at low values of ~, the aerodynamic

center being located at about 0.18??(figs. 3 to 6). This longitudinal
instability decreased and the vsriation of ~ with ~ became stable

as the lift coefficient was increased.

Flap deflection produced negative increments of pitching-moment
coefficient ACm that were linear with flap deflection for deflecti6hs

of less than about’20° (fig. 8). Flap deflections greater than 20°
generally gave progressively smaller increases in ACm with,increasing
flap deflection (figs. 3, b, ~d 8). Similar effects due to flap deflec-
tion were noted for the unswept wing (reference 7), although for the
unswept configuration the ~ ticrements were less sf’fectedby angle-
of-attack variations than those for the swept configuration.

The variations-of the pitching-moment coefficient “withflap span
and spanwise location (fig. 10) were similar to those for sweptback wings
of higher aspect ratios. The method of reference 10 did not satisfactorily
predict the magnitudes of these variations for the low-aspect-ratio wing
of the present investigation.

Hinge-moment characteristics.–The flap hinge-moment data of fig-

ures 3 to 6 show, as would normally be expected, that the values of flap
hinge-momarb coefficient generslly became more negative as either the
flap,deflection or the angle of attack was increased except for the
higher flap deflections where the values of ~ became less negative
with increasing angle of attack. (See-figs. 3 and b.) Although the
effects of flap span were slight and, in some cases, inconsistent, the
Mge-moment coefficients of the outboard flaps generally became less
negative as the flap span was increased (fig. ~). A similsr decrease
in magnitude of Ch due to spanwise location of the half-spsn flaps
was noted when the flap was moved tiboard from the wing tip (fig. 6).

.

These effects of flap deflection, flap span, and spanwise location
on the hinge-moment characteristics are similar to those for the model
at 0° of sweep (reference 7), thou@,generally of smaller magnitude.

CONCLUSIONS

‘A wind-tunnel investigation was made at low speed to determine the
aerodynamic characteristic= of a bs” sweptback unt~pered semispan wing
of aspect ratio 1.s9 equipped with 2S-percent-chordunsesled plain flaps

. . . .—-. — ..----- .. --—--- —. ------- ——---- —-.-—.- — —— —______ ._



8 NACATN 2169

having vsrious spans and spanwise locations. The results of the investi- ~
gation led to the following conclusions:

1. Changes in angle of attack, flap deflection, flap span, and
spanwise flap location generally produced trends in lift, drag, pitching
moment, and flap hinge moment that were similar to but of different
magnitude from those for uuswept wings.

2. lkisting empiricsl and theoretical methods for predicting the
‘~t effectiveness of flaps of vsrious spans gave very good agreement
with the experimental results.

#

3. Because of the increase in the drag coefficients and the associ-
. ated decrease in the values of the lift-drag ratio with increasing flap

deflection, an advantage may be gained by limiting the flap deflection
to moderate angles (about 300), even though slight increases in lift
coefficient result from further increases in flap deflection. Flap
deflections greater than 30° may be desirable, however, when steeper
g~de-path angles sre required.

Langley Aeronautical Laborato~
National Adviso~ Committee for Aeronautics

Langley Air Force Base, Vs., -12, 19~0
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.TABLE I

DIMENSIONAL CHARACTERISTICS OF THE VARIOUS 0.25c

FLAPS TESTED ON THE 45° SWEPTBACK WING

HAVING AN ASPECT RATIO OF 1.59

Flap spanwise location
Flap span, Ml

Configuration bf Yfi Yfo (ft%

z z z

$

I

0.875 0.080 0.955 0.7216

$

I
.637 .318 .955 .%86

$

I

.398 .%7 .955 .38~s

o

I

.160 ● 795 .955 .2024

$

●

I

.477 . .318 .795 .3662‘

o

I
.477 .080 .%7 .3361

.
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~ hinge on 0.75 line A
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#

Figure l.- Ikawing of’ the 45° sweptback-mmispbwing model having an

aapsct ratio of 1.X. NACA 64AO1O airfoil section normal to leadlng

edge. TraIlhg-edge angle # measured perpendicular to hinge axis

is 12.00 and measured pmal.lel to free stream is 8.50. (U

*slona are In feet. )
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Mgllre 2.- The 45° Bweptbeck-wmisW-wing model hav’img em aspect ratio

of 1.59 mounted in the Langley 300 MpH 7. by 10-foot tuunel,
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Figure 3.- Effect of flap deflection on the aerodynamic characteristics
in pitch of the 45° sweptback wing having an aspect ratio of 1.59 and

(equipped with inboard half-spa flaps bf .
)

0.477$. Yfi = 0.08*;

Yfo = 0.557;.
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0

.8

.7

.8

Figure 4.- Effect of flap deflection on the aerodynamic characteristics
in pitch of the 45° sweptback wing having an aspect ratio of 1.59 aud

( )
equipped with full-spn flaps bf = 0.8@ . Yf~ = O.08+;

Yfo = 0.95$.
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Figure 5.- Effect of the flap span on the aerodynamic characteristics in
pitch of the 45° sweptback wing having au aspect ratio of 1.59 smd

( )
equipped with outboard flaps yfo = 0.95~ . bf = 30°.
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?’
Q

o .2 # .6 .8 LO /2 /4
Lrft coeficien$ ~

Figure 6.- Effect of spsnwise flap location on the aerodynamic
characteristics in pitch of the 45° swe@%ack wing having an
aspect ratio of 1.59 and equipped with approximately half-spn
flaps. bf = 300.
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Flap deflection, 8~,deg

Figure 7.- Variation of the incremental lift coefficient with flap

60

deflection for the 45° sweptback wing having an aspect ratio of 1.59 and

(
equipped with inboard half-span bf = o ●477;; yfo

)
= o.557; and full-

(
S- bf = o .875$; Yfo

)
= o.95~ flaps. yfi = 0.08$
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— 0477* ——— .875 “

-./6
o /0 20 30 40 50 60

FXupdeflecttin, &f, deg =s=’

..

Figure 8.- Variation of the incremental pitching-moment coefficient with
flap deflection for the 45° swepthack wing having an as~ct ratio

(
of 1.59 end equi~~d with inboard half-span bf =

)
0.477:; yfo = 0.557:

(and full-span bf = o.87%; Yfo
)

= 0.95+ flaps. Yfi = o.08+.

—. .-. .—. —— .- .__. . .. . .. . . . . . . —...- .



.

NACA TN z69 25

.
f

ACL

,

.

#

Est?nuted Yb ~=1000
heiii9nwcefQ)!/2

Experimental ~= Q080

Theoretical y~ = O
(unpubhshed)

El

——

40 60 80 100
percent full-spin flap area

.*

Figure 9.- Effect of flap span (expressed as percent of full-spsn flap
area) and spauwise location on the incremental lift coefficient .

produced by a flap deflection of 30° of the 45° sweptback wing -
having au aspect ratio of 1.39. a = 0°.
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Figure 10.- Effect of flap s- and s-wise location on the pitching-
mcxnentcoefficient of the 45° we~wk W= w- ~ aspect ~tio .
of 1*59: q = 30°. .
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